guidelines recommend that, unless otherwise contraindicated, heparin-based pharmacologic prophylaxis be administered to prevent deep venous thrombosis (DVT) and pulmonary embolism (PE) in patients undergoing major abdominal surgery. This recommendation, with the specification that VTE pharmacologic prophylaxis be given within 24 hours of the operation, has been adopted by the Surgical Care Improvement Project (SCIP) initiative as a "pay for performance" initiative. The bulk of evidence supporting this recommendation uses an end point of VTE events determined by radiolabeled fibrinogen uptake or venography rather than clinically relevant VTE (symptomatic DVT and symptomatic or fatal PE). In part because of the use of radiographic end points and concerns about bleeding risk, there has been skepticism about the wider use of VTE pharmacologic prophylaxis in patients having surgery. [6] [7] [8] Skeptics note that as many as 66% of patients who get a VTE have received appropriate pharmacologic prophylaxis 9 and, in at least one center, despite increasing use of pharmacologic prophylaxis, the rate of symptomatic VTE on the surgical service actually increased during a 10-year period. 10 These concerns might explain why the rate of use of pharmacologic prophylaxis is highly variable despite the SCIP mandate. [11] [12] [13] [14] Given the relative paucity of VTE studies using clinical end points and the unclear effectiveness of pharmacologic prophylaxis in community practice settings, we performed an observational, comparative effectiveness evaluation across most Washington State hospitals. The study is based in Washington State's Surgical Care and Outcomes Assessment Program (SCOAP), a prospectively gathered clinical registry and quality improvement activity now implemented at nearly all statewide hospitals where surgery is performed (n ϭ 55). 15 The purpose of this study was to evaluate the relationship between the use of pharmacologic prophylaxis and clinical VTE in patients having elective colorectal surgery and to determine the relationship between increasing hospital use of pharmacologic prophylaxis and outcomes.
METHODS

Study design
This study was approved by the University of Washington Human Subject Review Committee and the Washington State Department of Health. A prospective cohort study was conducted using the SCOAP in-hospital clinical registry linked to hospital administrative discharge database, and the state's vital records system. SCOAP draws data from the medical record by trained, audited abstractors using standardized definitions (http://www.scoap.org/ documents/index.html). The Washington State Comprehensive Hospital Abstract Reporting System (CHARS) includes administrative information on all hospitalizations and patient identifiers that allows for tracking of subsequent hospitalizations. SCOAP index cases were linked to CHARS to identify patients who were rehospitalized at any center after a SCOAP index admission and to the vital status registry to determine if they had died. The CHARS dataset also contains ICD-9 procedure and diagnosis codes. Records of inpatient hospitalization between the fourth quarter of 2005 and first quarter of 2009 at 36 SCOAP hospitals (Appendix 1, online only) were used to assess outcomes for patients undergoing elective colon/ rectal resections.
Variable definitions
Patient risk factors SCOAP records were used to obtain sociodemographic characteristics, clinical comorbidities, and operative details. We used the Deyo modification of the Charlson Comorbidity Index to calculate a weighted index of comorbid conditions for each patient. 16 Scores range from 0 to 3ϩ, where 0 indicates the absence of comorbid conditions and the score was truncated at Ն3.
Duration of operation
Anethesia record and operating room log were used to identify the operating room incision and end times. Duration was measured from incision to final wound closure.
Type/method of operation Operation type was specified as right hemicolectomy, left hemicolectomy, low anterior resection, abdominal perineal resection, total abdominal colectomy, colostomy takedown, and perineal proctectomy. Method of operation was specified as laparoscopic, open, laparoscopic converted to open, and laparoscopic/hand-assisted.
Use of pharmacologic prophlaxis VTE pharmacologic prophylaxis administration was obtained by directed chart review of all patients. SCIP criteria were used to define the use of pharmacologic prophylaxis, specifically chemical agents administered 24 hours before or after the operative start time in a patient not otherwise contraindicated for use. 17 Acceptable pharmacologic prophylaxis included unfractionated heparin, low molecular weight heparin (ie, enoxaparin, dalteparin, or tinzaparin), and synthetic factor Xa inhibitor (ie, fondaparinux). Use of warfarin was not counted as acceptable as defined by SCIP criteria. 18 Use of agents that did not conform to SCIP criteria (eg, sequential pneumatic compression devices) was also recorded.
Outcomes
Given recent evidence that the risk of operation-related VTEs does not return to baseline for 12 weeks, 19 the primary outcomes were 90-day death rate, new VTE diagnosis or VTE-related intervention, as well as the composite of these adverse events (CAE). Complication potentially related to the use of VTE pharmacologic prophylaxis (intra- , and/or specific ICD-9 codes as previously described related to VTE diagnosis and/or treatment (Appendix 2, online only). 20 The 90-day mortality was defined as all-cause death Յ90 days from the procedure as ascertained from Washington State Vital Records.
Analysis
Patient-level analysis
Patient characteristics were summarized using frequency distributions for categorical variables, and means and standard deviations for continuous variables stratified by receipt of perioperative VTE pharmacologic prophylaxis. Ninety-day mortality, VTE events, and CAE were summarized using frequency distributions stratified by use of pharmacologic prophylaxis. Pearson chi-square statistics were used to compare characteristics and unadjusted event rates. Logistic regression models were created to evaluate the association between receipt of pharmacologic prophylaxis and outcomes, adjusting for patient, clinical, and operative characteristics identified as statistically significant (p Ͻ 0.05) on univariate evaluation or found to be important in previous studies. For sensitivity analysis, we calculated the propensity score for receipt of VTE pharmacologic prophylaxis among all patients without regard for outcomes using the same variables. Patients were divided into quartiles of propensity scores and within each stratum the 90-day CAE rates were calculated based on receipt of perioperative VTE pharmacologic prophylaxis.
Hospital-level analysis
We evaluated the use of VTE pharmacologic prophylaxis at each hospital in each calendar quarter using descriptive statistics and multivariate adjustments (adjusting for patient history of VTE and comorbid conditions within each hospital for that quarter). Hospitals were divided in tertiles according to the frequency of use of VTE pharmacologic prophylaxis and the rates of VTE were calculated for each calendar quarter based on the level of use (highest, mid, lowest tertile) of prophylaxis.
Not all 36 hospitals began data entry at the same time and quality improvement interventions were occuring during this evaluation period and, for the hospital-level analysis, each hospital's calandar quarter was considered as a separate unit of analysis.
STATA software was used for all analyses (Version 11, STATACorp).
RESULTS
A total of 4,195 patients (mean age 61.1 Ϯ 15.6 years; 54.1% women) underwent elective colorectal resections. Patients who received perioperative VTE pharmacologic prophylaxis (n ϭ 2,369; 56.5%) and those who did not (n ϭ 1,826; 43.5%) were similar with respect to age, sex, smoking status, body mass index, comorbidities such as hypertension and coronary artery disease, Charlson comorbidity indices, hospital factors such as length of stay and intraoperative duration, and indication for procedure (Table 1). Those who received perioperative VTE pharmacologic prophylaxis were more likely to have had previous history of DVT or PE (4.1% vs 2.9%; p ϭ 0.04).
The overall rates of 90-day death and VTE events were 2.0% and 1.4%, respectively. The unadjusted rates of 90-day death (2.5% vs 1.6%, p ϭ 0.03), VTE events (1.8% vs 1.1%; p ϭ 0.04), and CAE (4.2% vs 2.5%; p ϭ 0.002) were lower among those who received VTE pharmacologic prophylaxis. The rate of intra-or postoperative transfusions were more common in those who did not receive the pharmacologic prophylaxis (7.0% prophylaxis vs 10.9% no prophylaxis; p Ͻ 0.001). Only 31.7% of 90-day VTE events, 56.6% of deaths, and 46.7% of CAE occurred during the initial in-patient hospital stay, and corresponding rates of 80%, 59.0%, and 70.8% were identified at 30 days, respectively.
There was a 41% reduction in the unadjusted odds of 90-day CAE (odds ratio [OR] ϭ 0.59; 95% CI, 0.42-0.83) ( Table 2 ). After adjustment for calendar year, history of VTE, and other patient and procedure characteristics (such as duration of operation, and method and type of operation), the odds of 90-day CAE were 36% lower with VTE pharmacologic prophylaxis (OR ϭ 0.64; 95% CI, 0.44Ϫ0.93) (adjusted odds of 30-day CAE [OR ϭ 0.54; 95% CI, 0.35Ϫ0.83]). A total of 1,641 (39.5%) patients had pneumatic compressions alone. When adjusting for the same covariates, there was no substantial reduction in the odds of VTE based on the use of pneumatic compressions (OR ϭ 0.82; 95% CI, 0.43Ϫ1.57). Sensitivity analysis using propensity quartile matching found that 90-day CAE rates were consistently lower if perioperative VTE pharmacologic prophylaxis was given. Adjusting for propensity score found a substantial reduction in the odds of 90-day CAE when VTE pharmacologic prophylaxis was used (OR ϭ 0.61; 95% CI, 0.43Ϫ0.89).
During the course of the study period (Fig. 1) , use of VTE pharmacologic prophylaxis increased (35.8% in Q0 to 70.4% in Q13) and overall rates of 90-day CAE de-creased (4.3% in Q0 to 1.7% in Q13). Patients treated at hospitals in the top VTE pharmacologic prophylaxis use tertiles in a given quarter had a significantly lower 90-day CAE compared with patients at the lowest use tertile hospitals (2.3% vs 3.6%; p ϭ 0.05) (Fig. 2) and after adjustment for patient characteristics, the highest use tertile hospitals (in a given quarter) had a 37% lower odds of CAE than lowest use tertile hospitals (OR ϭ 0.63; 95% CI, 0.40Ϫ0.99).
DISCUSSION
Our evaluation of statewide patients undergoing colorectal surgery with and without VTE pharmacologic prophylaxis found that VTE pharmacologic prophylaxis given within 24 hours of colorectal resection (SCIP criteria) was associated with substantially lower 90-day mortality and CAEs, despite the fact that patients receiving VTE pharmacologic prophylaxis were at higher risk for VTE. VTE pharmacologic prophylaxis was not associated with rates of bleeding events and those hospitals where doctors used pharmacologic prophylaxis more often than others (highest use tertile) had the lowest rates of VTE or death. Almost all earlier studies used to support SCIP guidelines have used surrogate, radiographic end points. Although studies looking at fatal PEs only 7, 21 and meta-analysis pooling the results of many smaller studies have suggested a reduction in clinically relevant end points in the general surgery patient population, 8, 22 this is the first large-scale modern study evaluating the comparative effectiveness of SCIP VTE metrics using clinically relevant end points. Our finding, based on the clinical records of patients from nearly the entire State of Washington, across all types of hospital and communities, reinforces the recommendation for adherence to existing VTE prevention guidelines.
Approximately 10% to 40% of inpatient general surgical patients have been found to have "radiographically determined" DVT. 3 Autopsy studies have attributed 10% of all surgical hospital deaths to PE. 23 Given its prevalence, a national campaign to encourage the use of pharmacologic prophylaxis has been led by the Centers for Medicare and Medicaid Services through the SCIP initiative. In addition, the National Quality Forum established a nationwide preventative performance measure standard for VTE, 24 and the Agency for Healthcare Research and Quality's highest ranked safety practice was the "appropriate use of prophylaxis to prevent VTE." 25 Despite these efforts, use of VTE pharmacologic prophylaxis has been variable. [26] [27] [28] In a cross-sectional study of the 11,613 surgical patients at risk, the 2008 ENDORSE (Epidemiologic International Day for the Evaluation of Patients at Risk for Venous Thromboembolism in the Acute Hospital Care Setting) study demonstrated that only 59% of surgical patients received the recommended pharmacologic prophylaxis. 29 Although self-reported rates of adherence to SCIP VTE prophylaxis criteria can be as high as 88% nationwide, 30 a recent study based on audits of actual performance demonstrated a 56% adherence. 18 Physician resistance can be a component of the variable use because most of the supporting data for the recommendation have been based on radiographic end points and correlation to clinically relevant VTE reduction (outside of specific studies looking at fatal PEs and cancer patients 7, 21, 31 ) has only been demonstrated in meta-analysis of underpowered studies. 6, 8, 22 Unlike radiographic DVTs, there is less agreement about the effect of pharmacologic prophylaxis on clinically relevant outcomes. 32, 33 The first study with a sufficient sample size to evaluate the clinical impact of VTE pharmacologic prophylaxis was the International Multicentre Trial. Clouded in controversy, the authors first reported in 1975 34 that patients receiving heparin had a 3-fold reduction in DVT and an 8-fold decrease in fatal PE events. Results from the study were reissued in 1977 35 because one of the sites 36 withdrew its data, suggesting that they observed the opposite effect. Almost all subsequent studies have either been underpowered or used radiographic end points. A meta-analysis of 46 randomized trials including Ͼ15,000 surgical patients demonstrated a Ͼ60% reduction in DVT (diagnosed with radiolabeled fibrinogen), 40% reduction in PE, and Ͼ60% reduction in fatal PE events. 22 Mismetti and colleagues, in their metaanalysis study, found an even greater reduction of 71% to 75% in the relative risk of symptomatic and clinical VTEs concordant with reduction in asymptomatic DVTs detected radiographically. 8 However, outside of studies look- ing specifically at immediate postoperative fatal PEs, no study of appropriate size has reproduced the results from the International Multicentre Trial. One problem is that the incidence of PE is so rare that evaluating an intervention that might reduce the risk by half (2% to 1%) might require randomization of 6,600 total patients. Secondly, identification of all clinically relevant DVTs and PEs is a challenge. Fatal PEs are usually found through autopsy, and other clinically symptomatic DVTs and PEs that do not lead to death are hard to identify. The risks also continue for some time, 19 making accurate numbers of VTE-related events difficult to obtain. Another challenge to determining the comparative effects of SCIP criteria for VTE prevention is concern about bleeding 8, 22, 35, 37 and/or ethical concerns about randomizing patients to nonguidelinerecommended care. Clinicians also remain skeptical about the disconnect between evidence-based process measures and outcomes in real-world settings. For example, a recent study demonstrated a lack of association between a hospital's use of SCIP process-of-care measures to prevent surgical infection and postoperative infection rates. 38 On the contrary, our study demonstrates that greater use of one of the SCIP measures for VTE prophylaxis was associated with a reduction in clinically relevant end points. We not only found outcomes improvements at the patient level, but also when considered at the hospital level, suggesting the value of quality improvement interventions around this metric.
Our study is limited by several aspects of the data collection and VTE identification process. A recent study evaluating the risk of VTEs using the University HealthSystem Consortium database found that the rates of VTE were lowest among patients not receiving pharmacologic prophylaxis (0.0% to 0.9%). 39 Although there was an increase in VTE pharmacologic prophylaxis use from 2003/2004 to 2007/2008 (74% to 89%), there was an increased number of VTEs (2.4% to 3.2%) in colorectal resections. The University HealthSystem Consortium study reported raw numbers of VTEs in the 2 different time periods, and is only risk adjusted for patient's severity of illness score. Other risk factors (such as previous history of VTEs, type and method of the operations, and temporal trends) associated with the use of VTE pharmacologic prophylaxis and VTEs were not adjusted for. More importantly, this study did not distinguish whether the anticoagulation medication was used for prophylaxis or therapy. Given that this study looked only at the postoperative period, they might have identified patients who had a diagnosis of VTEs and were started on VTE pharmacologic therapy. Our study was limited by a lack of information on duration of VTE pharmacologic prophylaxis, in and out of hospital. SCOAP has more recently included these metrics, but this was not available for this analysis. Clinicians within and between hospital can have variable approaches to evaluating patients at risk for VTE. Clinicians who had a lower threshold for diagnostic testing for VTE among symptomatic patients might also be more likely to adhere to SCIP VTE prevention measures. If so, this might have limited the finding that pharmacologic prophylaxis decreases the risk of VTE. Use of VTE pharmacologic prophylaxis by staff at a hospital can also be a marker for better use of other process measures that help reduce morbidity and mortality. We could not disentangle these from the effect of VTE pharmacologic prophylaxis. We used all-cause mortality, both alone and in combination with VTE, because most deaths that are directly caused by an acute PE occur before a timely diagnosis and treatment can be implemented. 40 The use of all-cause mortality might have included some patients who died of causes unrelated to VTE. For this reason, we performed analyses with and without death as an end point and found similar findings. Some of the limitations of this study arise from the use of administrative data (CHARS) to evaluate postdischarge outcomes by its design (retrospective), and the way health conditions and interventions are defined (using ICD-9 diagnostic and procedural codes). Because of this, we did not have any information on how the diagnoses of VTEs were made. Also, we could not separate out whether the transfusion was given intraoperatively or postoperatively. Because the rate of transfusion was higher in the no-prophylaxis group, it might well be that the intraoperative bleeding led to lack of prophylaxis. Lastly, studies have demonstrated that patients discharged from the hospital have continual risk of VTEs. [41] [42] [43] [44] [45] With recent studies demonstrating equivalent results of outpatient management of VTEs, fewer VTE-related hospitalizations might have occurred over time. 46 The detection scheme used in this study would have missed VTEs that were diagnosed and treated in the outpatient setting, those occurring beyond 90 days, or diagnoses that were misclassified, but it seems unlikely that such misclassification would be associated with receipt of VTE pharmacologic prophylaxis.
CONCLUSIONS VTE pharmacologic prophylaxis was associated with substantially lower rates of 90-day mortality, clinical interventions for VTE, and composite adverse events. VTE pharmacologic prophylaxis was not associated with higher intraoperative or postoperative transfusion rates. This is the first time in recent decades that the impact of VTE pharmacologic prophylaxis on clinically relevant VTE end points in an appropriately sized cohort has been demonstrated. Our findings support universal use of pharmacologic prophylaxis in colorectal operations consistent with SCIP guidelines. 
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